SUMMARY. Project EVETSIN investigated the training of clinical biochemists and other professional groups in the UK National Health Service. One of the most significant professional changes (with a training implication) identified was the increasing importance of the clinical role of clinical biochemists. The skills involved and the processes by which trainee clinical biochemists learn them had not been described or analysed to a significant extent. Factors that influence this changing role, the nature of the skills, how they are acquired and maintained, and the associated knowledge base are presented and discussed in the context of the training of clinical biochemists in the UK.
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Clinical liaison has long been considered to be an essential part of the service offered by clinical biochemistry departments, and the contribution clinical biochemists make to this has been recognized. 1.2 However, relatively little has been published] on the nature of clinical liaison and no publications have analysed the skills and knowledge involved and how these are taught and learned.
Project EVETSIN (Evaluation of the Vocational Education & Training of Scientists in the National Health Service) was commissioned by the Department of Health for England and Wales and began in April 1996, under the direction of Professor M Eraut of the University of Sussex, Brighton, UK. The project examined, by means of surveys, case studies and structured interviews, the current training of all clinical scientist groups (of which the physicists and biochemists are the largest), scientific officer groups [medical laboratory scientific officers/ biomedical scientists (MLSOs) and some medical technical officers (MTOs)], and in its final report to the Department of Health (December 1998) made recommendations about the organization of future training of these groups." The research was concerned only with these professional groups in the UK, but some of the E-mail: joanp(a)pathology.leeds.ac.uk outcomes, especially those described here, may be of relevance to professional groups in laboratory medicine in other countries.
In the UK, the initial training of clinical scientists (Grade A training) is funded by the Department of Health on a supernumerary basis, normally for three years. The Association of Clinical Biochemists (ACB) accredits regional training schemes for clinical biochemists, which usually include a Master of Science (MSc) course in clinical biochemistry. The ACB provides a Training Record for trainees to log their progress and also provides for annual assessment of trainees' progress and the issue, where appropriate, of a Certificate of Completion of Grade A Training.
A further period of higher specialist training, of about three years at Grade B, is also regarded as essential, but training posts at this stage are not supernumerary. The trainee is normally expected to complete work towards Membership of the Royal College of Pathologists (MRCPath) during this time. The ACB launched its Recommendations for Higher Specialist Training for Grade B biochemists, with an associated Training Record, in 1998. The educational activities of the ACB and their importance in the training of clinical biochemists are described in the EVETSIN Final Report. ' During project EVETSIN, it was clear that the importance of the clinical role was widely recognized at all levels of the profession. Its increasing importance was emphasized by senior members of the profession, who identified it as one of the most significant current influences on professional practice and hence training needs. However, most of those interviewed, whether trainees or trainers, did not find it easy to identify these skills and how they are, or should be, developed. Current training programmes are therefore not specifically designed to develop them together with the related knowledge base, nor is there much understanding of the processes by which trainees at Grades A and B acquire these skills.
The traditional view is that the first two years or so of Grade A training are best spent in acquiring analytical skills in the laboratory. During that time, the related analytical theory is provided by the trainee's self-directed learning, or learned more formally via an MSc or other academic course, which also delivers the physiological, biochemical and pathophysiological knowledge base. The trainee also learns how the department is organized and managed during this time. It is widely assumed that clinical skills are developed in an implicit manner, by 'osmosis', later in Grade A and at Grade B, as the trainee participates in service work, shadows more senior staff and gradually takes on more responsibility of his or her own, building on the knowledge base and the laboratory skills acquired earlier in training.
However, the EVETSIN research showed that trainees commonly feel frustrated at the deferment, until later in their training, of familiarization with the clinical role. Like their seniors, they generally see this as central to the clinical biochemist's professional role, and claim to feel insufficiently prepared when they encounter it. The literature on training for other professions has generally supported the early occupational socialization of trainees; for example, Eraut et al? noted in their work on the training of nurses and midwives that learning is disadvantaged by postponing acquaintance with future occupational roles. Similarly, work on the training of doctors" supports the integration of basic learning and clinical practice at an early stage of the undergraduate medical curriculum; it is claimed that this enables students to apply knowledge in the clinical setting more effectively. It therefore follows that early experience of the clinical environment in which Grade A trainees will work throughout their career would almost certainly be of great benefit to trainee Ann Clin Biochem 1999: 36 clinical biochemists, even though they are still acquiring basic knowledge at this stage.
Accordingly, the following ideas on the skills and related knowledge base for the clinical role of clinical biochemists were developed as a basis for discussion and formed an annex to the final report of EVETSIN; some changes have been made to this paper to allow for the different readership. In all cases, the effectiveness of tests (quality of outcome and value for money) has to be considered and discussed with clinicians before the service is made available. This requires the ability to discuss with clinicians the appropriateness of such tests and to interpret the results in a clinical context, in addition to analytical knowledge, which may be of a specialized nature, such as high-performance liquid chromatography or gas chromatography-mass spectrometry.
MAJOR FACTORS INFLUENCING THE
There is an ongoing national debate about the effectiveness of new and existing tests in the clinical context; for example, the 2. The trend towards evidence-based practice in all parts of the NHS. Current clinical practice is generally not evidence-based, and differences in practice result in different patient outcomes. Evidence-based practice aims to make all clinical activity (not just that of the medical profession) based on best practice, as defined by research and systematic reviews. 10 The available evidence is not always of a high quality and, when it is good, dissemination and implementation are often poor.
Clinical governance. The Department of
Health has recently published guidance on clinical governance, II which it defines as 'a framework through which NHS organisations are accountable for continuously improving the quality of their services and safeguarding high standards of care by creating an environment in which excellence in clinical care will flourish'. Laboratory staff are probably better accustomed than many other professional groups in the NHS to the routine incorporation of high quality standards into their work. However, clinical governance implies the need for greater integration of their work into the whole clinical environment, which is likely to involve better communication and closer working with other professional groups.
The changing role of chemical pathologists.
There has been discussion about the current trend towards more direct patient care by medically qualified chemical pathologists'? in such areas as lipids, obesity, nutrition, metabolic bone disease, inborn errors of metabolism, diabetes mellitus and endocrinology. Many are now entering the speciality with Membership of the Royal College of Physicians (MRCP) and work increasingly as metabolic physicians rather than laboratory-based chemical pathologists. This may contribute to added clinical responsibility for clinical biochemists.
Some departments, in both university teaching hospitals and district general hospitals (DGHs), have no chemical pathologist, so that
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5.
Increasing specialization and sub-specialization of hospital clinicians. Such clinicians may require the development of more specialized tests while sometimes having a poor understanding of tests outside their speciality, and will therefore need greater support from clinical biochemists.
6. Increasing emphasis on primary care. A significant proportion of the workload of clinical biochemistry departments now comes from community physicians or general practitioners (GPs), who generally need a great deal of advice and interpretative support. In DGHs, more than 40% of the work for pathology may originate from GPs -rather more than in most teaching hospitals -so this is an important area of skill development for clinical biochemists. The impact on the workload of clinical biochemistry laboratories of the recent reorganization of primary care into primary care groups" is not yet known. with disposable, single-use cartridges and miniaturized biosensors, is currently available, but it is expensive and therefore not widely used, although analytical quality is high." However, it is likely that competition will increase and prices will fall, possibly changing the profile of laboratory provision over the next decade, so that more tests can be done at the point of care. The laboratory will be involved in quality and training issues, and clinical biochemists will need to work with clinicians on the development of protocols for the use of such technology, and on providing advice and interpretation of results. IS The emphasis on clinical governance and the continuing importance of cost-effectiveness are likely to reinforce close working between clinicians and laboratory staff in point-of-care testing. Over-requesting is a long-standing problem, \6 which evidence-based practice may help to contain. The economic implications of unnecessary tests are now better understood than in the past, so there is more pressure on pathology departments to control requesting behaviour of clinicians, which implies the need for developing and maintaining effective dialogue between clinicians and the laboratory.
ACTIVITIES WHICH CONSTITUTE THE CLINICAL ROLE OF CLINICAL BIOCHEMISTS
1. Advising clinicians. Advice may be given in person, in writing or by telephone, on the choice of tests/test profiles. The role of the clinical biochemist is to give the clinician advice as to which investigation will give the most information, and other relevant factors, including:
• Pre-analytical: type of sample to be taken, storage requirements, transport arrangements. • Analytical: drug interferences, influence of coexisting conditions on results. • Post-analytical: advice on clinical interpretation of results, further action and the need to follow up abnormal results.
Validation/ authorization of laboratory results.
This is done before the results are issued to requesting clinicians. Interpretative comments are also added to report forms.
3. Development, with clinicians, ofjoint investigation protocols. These generally focus on diagnostic decision making and on the appropriate use of biochemical tests during that process.
Working with clinicians:
• 
Interpersonal skills:
• Communication skills. It is essential that biochemists can communicate clearly and confidently within the laboratory and outside it, with consultants, junior doctors, nurses and other ward staff, as well as with staff in primary care, particularly GPs and practice nurses. The frequent changeover of junior staff makes the ability to establish effective new working relationships particularly important. • Teamwork skills. • Presentation skills.
Information technology:
• Databases: patients' results and other clinical data are stored in databases, so the ability to use these systems is essential in answering queries, tracking patients' progress and searching for particular groups of patients or test results. • Spreadsheet and statistics software: to evaluate groups of patients or results. • E-mail: test results are increasingly being sent bye-mail (e.g. to GPs). • Internet/intranet: the Internet is increasingly important for information searches and communication. Pathology input in the development and use of hospital intranets is already significant.
6. Applied statistics. EVETSIN research data indicated that trainees often feel inadequately trained in statistics. Despite the availability of helpful and appropriate texts,8,18 many lack either the ability or the confidence to apply statistics to the interpretation of test results, to the understanding and application of evidencebased biochemistry and to the preparation and presentation of research data.
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Application of knowledge:
• Integration of knowledge and its application to real situations. • Creativity and innovation (particularly III service development and research). Trainees at the end of Grade A or during Grade B training are likely to work as duty officers under supervision, but there seems to be no reason why more involvement should not be built into early Grade A training.
HOW SKILLS ARE ACQUIRED AND MAINTAINED
2. Case discussions/presentations. These have several purposes. The person presenting the case may have been involved in the diagnosis or management of the patient. The case may be an unresolved diagnosis, a rare condition or an unusual presentation of a more common condition; a more routine case might be chosen for educational reasons if there are significant therapeutic developments or if new test procedures are being introduced in that area.
Obtaining the patient's case notes can be a valuable opportunity to discuss the case with medical and nursing staff or to see the patient, if Ann cu« Biochem 1999: 36 appropriate. Preparing the presentation involves abstracting from the notes the patient's personal data, past medical history, presenting symptoms, results of all investigations, treatment and progress, and supplementing this with discussion with the clinicians responsible for treatment. This provides opportunities to acquire, develop or reinforce many of the skills listed above. The presentation normally includes a summary of the physiology and biochemistry (and, where appropriate, the epidemiology and genetics) underlying the pathology, which generally requires presenters to consult textbooks and research papers, so developing their knowledge base and their ability to apply it.
Trainees regarded case discussions as one of the most useful parts of their learning at Grades A and B, but most reported that they would like more experience of attending and presenting them. A few claimed to have no experience at all of preparing a case presentation.
3. Ward rounds/clinical reviews. Participation in ward rounds, by attachment to various clinical firms in certain specialities, can be a valuable learning experience for clinical biochemists, as they see the reasoning behind the requesting practices of clinicians and the problems of patient management. They may be required to contribute to clinical decision-making by commenting or giving advice about choice of tests and interpretation of the results. They need to be able to integrate their knowledge and skills in order to discuss action with the clinicians.
Grand rounds.
Most hospitals conduct these on a weekly or fortnightly basis and invite medical staff, medical students and other interested staff. Grand rounds normally consist of presentations by consultants or junior doctors of cases, new treatments/procedures or research activities and are an opportunity for clinical biochemists to extend their knowledge and understanding of clinical conditions and diagnostic procedures.
Specialist unit meetings.
These may be in endocrinology, diabetes or renal units, for example, and involve all medical staff attached to the unit along with others who contribute to patient care (e.g. pharmacists, dieticians, radiologists). Management of current patients is discussed along with clinical policies. Areas of particular relevance to clinical biochemists are intensive care units, special care baby units and nutrition teams. Clinical biochemists may also attend GP meetings.
Clinical audit.
Audit is the process of comparing current practice with pre-determined standards (defined from research evidence), followed by action to improve practice, as necessary (the audit cycle). The Royal College of Pathologists, the ACB and the Institute of Biomedical Sciences (lBMS) have issued guidelines for audit in pathology disciplines, and this activity provides a learning opportunity within the department and also in conjunction with audits conducted in other clinical areas. Audit work involves the need for development skills when standards are not met and education skills when a new procedure is implemented.
7. Journal clubs. These involve the selection and discussion within a group of staff of current publications in clinical and scientific journals and are useful for developing critical appraisal skills, which are important in evidence-based biochemistry. Journal clubs are also an opportunity to keep up-to-date with research and clinical developments which may affect service developments.
8. The Internet. Interactive material for continuing professional development (CPO), including cases, is increasingly available on the Internet, but the ability to use the Internet is also important in accessing material related to evidence-based practice, such as the Cochrane Database of Systematic Reviews." 9. Training courses. Most hospital trusts now offer short courses in, for example, communication and presentation skills. EVETSIN data suggested that relatively few trainees have the opportunity of attending such courses, but those who had attended found them valuable.
ASSESSMENT OF CLINICAL SKILLS
Although most clinical biochemists study for an MSc course during their Grade A training, opinion expressed during the EVETSIN research by trainees and senior members of the profession was that the main function of the MSc is to build the knowledge base, and that there is little or no formal assessment of clinical skills at this time. The only formal assessment of clinical skills is therefore held to be the
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MRCPath, which assesses critical, interpretative and problem-solving skills as well as the related knowledge base.
DISCUSSION
Early training of clinical biochemists (years 1 and 2 of the Grade A scheme, generally including a university MSc course or other formal academic course) has traditionally concentrated on acquisition of the knowledge base, together with analytical experience in the laboratory, while the skills which underlie the clinical liaison role are supposed to be acquired later in training, usually in an implicit, nondirected manner. However, there is no reason why the higher level skills used in clinical liaison, as listed above, should not be identified, taught and developed from the start of training, and consciously reinforced and updated throughout the trainee's career.v'' Trainees interviewed for EVETSIN generally expressed the desire to be involved much more in the clinical context of their profession from an early stage of their training, and when this was put to senior members of the profession (including officers of the ACB closely involved with training issues) there was strong support both from them and from the medical chemical pathologists interviewed for the projectindeed, no dissent was expressed. Increasing attention is being paid to the explicit acquisition of skills in higher education. The Committee of Vice-Chancellors and Principals of the Universities of the UK (CVCP), under contract to the UK Department for Education and Employment, London, recently published a report on skills development in higher education.'? They recommend that certain skills should be developed during university undergraduate education, with a view to promoting employability, either 'embedded' within subject-specific teaching or as separate 'stand alone' modules. The CVCP's recommendations have not met with unanimous enthusiasm, but many universities are now incorporating skills development into their curricula. It does seem likely, therefore, that graduates entering training as clinical biochemists in future may already be accustomed to the principles of skills development and so will be receptive to the explicit development of higher level skills, such as clinical skills, during their training.
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Defining competence to practise for registration purposes and for transfer between professions Professional issues in the UK concurrent with project EVETSIN included state registration for clinical scientists, proposed changes to the career framework of staff groups and the start of work on the development of occupational standards for clinical scientists and other groups.P Clinical scientists have recently joined the UK Council for Professions Supplementary to Medicine (CPSM) and its successor body; registration will necessitate the development of a definition of competence to practise, with professional standards and qualifications related to levels of registration. Since clinical biochemists see their clinical role as central to their profession, it seems likely that competence in clinical roles will become part of the requirement for their registration and that of other clinical scientist groups. It may require evidence of commitment to CPD by registration with the Royal College of Pathologists, to ensure that the skills are maintained throughout the person's subsequent career; CPD programmes are recommended by the Department of Health as part of the clinical governance framework. I I Occupational standards for clinical liaison skills will accordingly need to be defined, training designed to develop these skills and outcomes specified.
There is currently some transfer between professional groups, particularly MLSOs and clinical scientists, but further clarification and formalization of processes for transfer were recommended in the EVETSIN Report and are likely to be developed. The competencies required will need to be defined, together with the further training needs of individuals transferring between professions.
It has been suggested that clinical liaison could become a formal component of servicelevel agreements for laboratory work;' most clinical biochemists are aware that clinicians generally value clinical liaison and want much more contact and support from the laboratory. Since these higher level skills are clearly becoming more important within the profession, and trainees are enthusiastic about developing them earlier and in a more structured way, discussion within the professions is advocated on the specification of clinical skills and how best they can be learned during training at Grades A and B, and maintained throughout the trainee's subsequent career.
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Other clinical scientist groups Only the Association of Clinical Cytogeneticists has indicated to the author that the skills as described here fit their professional practice closely; clinical liaison is particularly important to this group, since the majority of clinical cytogenetics laboratories do not have medically qualified staff as part of their structure (L Gaunt and M Fitchett, personal communication). However, discussions with the other 'life science' clinical scientist groups during work for EVETSIN indicated that work with clinicians is an intrinsic part of their professional practice, so that they are also likely to be using these skills, without necessarily explicitly identifying them in their training programmes.
